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(54) CONTROLLER OF ELEVATOR

(57) In an elevator in which a permanent magnet
synchronous motor using a permanent magnet as a field
magnet is provided as a winch, with respective phase
terminals of the permanent magnet synchronous motor
being short circuited to form a dynamic brake circuit, ca-
pacitors and reactors are inserted into a dynamic brake

circuit to reduce a combined impedance of an internal
inductance of the motor, reactors and capacitors at a
specific rotational speed of the motor, so that a differ-
ence in phase between an electric currentin the dynam-
ic brake circuit and a voltage induced can be reduced.
As aresult, braking torque can be increased at the spe-
cific rotational speed.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a control ap-
paratus for an elevator using, as a winch, a synchronous
motor with a permanent magnet as a field magnet, and
more particularly, to a dynamic brake circuit utilizing
such a permanent magnet synchronous motor.

BACKGROUND ART

[0002] A dynamic brake uses a braking force gener-
ated by short circuiting power supply terminals (U, V, W)
of a permanent magnet synchronous motor in the form
of a synchronous motor employing a permanent magnet
as a field magnet during the rotation thereof by means
of a prescribed impedance. In an elevator adopting such
a permanent magnet synchronous motor, a dynamic
brake is effective as an auxiliary means for making a car
under traveling an emergency stop, and a variety of re-
lated ideas have hitherto been proposed.

[0003] Fig. 12is a constructional view of a control ap-
paratus for an elevator including such a kind of known
dynamic brake as disclosed in Japanese patent appli-
cation laid-open No. H09-9699 for instance. In this fig-
ure, 1 designates a permanent magnet synchronous
motor acting as a winch, 2 a brake, 3 a sheave, 4 arope
wrapped around the sheave 3, 5 a car connected with
one end of the rope 4, and 6 a counter weight connected
with the other end of the rope 4 for compensating for
half the weight of the car 5 and the movable or carrying
load.

[0004] In addition, 7 designates a three-phase AC
power supply, 8 a magnetic contactor, 9 an inverter for
supplying electric power of a variable voltage and a var-
iable frequency (VVVF) to the motor 1, 10 a switching
device for brake switching, and 11 an external imped-
ance circuit for dynamic braking comprising a resistor
16.

[0005] Fig. 13 is an equivalent circuit showing a dy-
namic brake circuit in more detail. 1 a designates a
speed induced voltage (E) of the motor 1, 1b a winding
resistance (Rm) of the motor 1, 1¢ a winding inductance
(Lm) of the motor 1, and 16 a resistance (RL) constitut-
ing the above-mentioned external impedance 11 for dy-
namic braking. That is, the dynamic brake circuit is com-
posed of the winding resistance (Rm) and the winding
inductance (Lm) of the winding of the motor 1, the ex-
ternal impedance (RL) and the power supply (E) due to
the speed induced voltage generated by the rotation of
the motor. The greater an electric current flowing
through the dynamic brake circuit, and the smaller a
phase difference between the electric current and the
induced voltage, the greater becomes dynamic brake
torque generated by the dynamic brake circuit. Accord-
ingly, the dynamic brake circuit has the following char-
acteristic: that is, as the rotational speed of the motor
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increases, the speed induced voltage is rising, in ac-
cordance with which the electric current is increasing so
that the braking torque becomes greater and greater.
When the frequency of the electric current rises to ex-
ceed a certain frequency due to a further increase of the
motor rotational speed, however, the influence of induct-
ance increases so the phase difference becomes great-
er, thus decreasing the braking torque. Fig. 14 shows
the dynamic brake characteristic of the dynamic brake
circuit of Fig. 13.

[0006] Now, the operation of the dynamic brake circuit
will be described. When the elevator is actuated, the
magnetic contactor 8 is closed and the brake switching
device 10 is set to side a, so that the electric power fed
from the three-phase AC power supply 7 is supplied to
the motor 1 through the inverter 9 which converts the
voltage and frequency of the electric power. Thereafter,
the brake 2 is released so that the sheave 3 is driven to
rotate by means of the motor 1 thereby to move the car
5 in a vertical direction.

[0007] Incases where a braking force for decelerating
the car 5 is required such as when an emergency situ-
ation takes place, the inverter 9 is stopped and the mag-
netic contactor 8 is opened to isolate the motor 1 from
the three-phase AC power supply 7, and at the same
time the brake 2 is closed or actuated to brake the rota-
tion of the sheave 3, thereby decelerating the car 5. Fur-
ther, simultaneous with this, the brake switching device
10 is switched to be connected to side b so that the ter-
minals of the motor 1 are short circuited with each other
through the external impedance 11. As a result, a brak-
ing force is generated in the rotating motor 1 to assist
the deceleration of the car 5.

[0008] This dynamic brake can also be applied to res-
cue operation after an emergency stop of an elevator.
That is, when the elevator is stopped in emergency due
to power failure or other reasons, the car 5 general stops
at a location displaced from a floor level. Accordingly, in
order to rescue passengers in the car, it is required that
the brake 2 be released to cause the motor 1 and the
sheave 3 to rotate under the action of an unbalanced
torque based on a difference in mass between the car
5 and the counter weight 6 thereby to move the car to
the nearest floor level and stop it there. At this time, in
the case of the winch using the permanent magnet syn-
chronous the motor 1, by short circuiting the motor ter-
minals, the motor generally comes to act as a dynamic
brake, thereby making it possible to suppress the speed
increase of the car to permit its gradual movement.
[0009] Next, the principles of generation of the dy-
namic brake will be described with reference to Fig. 13.
When the motor 1 comes into generator operation by
being caused to rotate under the action of the unbal-
anced torque based on a difference in mass between
the car 5 and the weight 6 as well as the kinetic energy
thereof at that time, the induced voltage E(1a) generat-
ed in the motor 1 is applied to the circuit shorted through
the external resistance RL(16), whereby electric current
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flows through the motor. As a result, braking torque is
generated by this electric current and the magnetic flux
created by the permanent magnet of the motor 1. Here,
note that the resistance value R of the shorted circuit is
equal to the sum of the winding resistance Rm of the
motor (1 b) and the external resistance RL(16), and the
reactance X is a value proportional to the winding in-
ductance Lm(1 c) of the motor and the rotational speed
thereof. Thus, the phase of the electric current flowing
through the motor is delayed with respect to the induced
voltage E(1a) by the influence of the reactance X.
[0010] The torque characteristic (dynamic brake char-
acteristic) of such a circuit system is shown in Fig. 14.
The braking torque exhibits a characteristic having a
maximum value at a certain speed. That is, the braking
torque rises in accordance with the increasing rotational
speed of the motor, but falls after it has reached a peak
at a certain speed. The reason for the braking torque
increasing in accordance with the increasing rotational
speed is that as the rotational speed increases, the volt-
age E(1a) induced in the motor also is increased, there-
by increasing the electric current. In addition, the reason
for the braking torque falling from the certain speed is
that as the rotational speed increases, the influence of
the reactance X becomes greater and greater, so that
the phase of the electric current is further delayed, as a
consequence of which the torque no more increases
even if the electric current increases.

[0011] The speed at which the a torque is reached is
decided by the ratio (R/X) of the resistance value R to
the reactance X of the shorted circuit, and hence the
maximum torque is governed by the reactance X. Ac-
cordingly, there can be obtained various torque charac-
teristics S1, S2 in accordance with the value of an ex-
ternal resistance RL, as shown in Fig. 14. In this case,
the external resistance value RL is greater in S2 than in
S1, but the maximum torque is governed by the reac-
tance X of the shorted circuit (including a motor internal
reactance), so that the maximum torque decreases in
accordance with the increasing reactance X.

[0012] Thus, when this is applied to rescue operation,
the car will be moved at a speed which is decided at an
intersection with the unbalanced torque (see Fig. 14).
Therefore, by varying the external resistance RL, an ar-
bitrary car speed can be obtained. For example, when
the external resistance is made large with the unbal-
anced torque being ta, the braking torque characteristic
is changed from S1 to S2, and the intersection is thus
moved from point Pa1 to point Pa2. As a result, the ro-
tational speed of the motor is increased from Na1 to
Na2. In addition, when the unbalanced torque becomes
larger depending upon a variation in the number of pas-
sengers in the car with the same external resistance val-
ue, the rotational speed of the motor is increased from
Na2 to Nb2 in the case of the characteristic of S2. In this
case, if the characteristic is changed to S1 by decreas-
ing the external resistance value, the rotational speed
can be reduced to Nb1. In this manner, by changing the
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external resistance in accordance with the number of
passengers in the car, the car speed or the rotational
speed of the motor can be set to an arbitrary value.
[0013] The dynamic braking method in the known
control apparatus for an elevator as described above is
primarily aimed at using the dynamic brake as an aux-
iliary means for performing an emergency stop by short
circuiting motor terminals with one another directly or
through an external resistance, and as a result, there
arise problems as stated below.

[0014] The unbalanced torque based on the differ-
ence in mass between the car and the counter weight
is greatly varied depending upon the number of passen-
gers at the time of rescue operation, and such a torque
variation might result in a wide range from a balanced
condition to as much as 1.5 times more than the rated
torque of the motor. On the other hand, when the size
of the motor is attempted to be reduced, the internal re-
actance becomes large, thus resulting in reduction in the
maximum torque of the dynamic brake. Accordingly, in
cases where the unbalanced torque is large, e.g., tc, as
shown in Fig. 14, the maximum value of the dynamic
brake torque might be exceeded, so acceleration of the
car during the rescue operation could not be sup-
pressed.

[0015] The present invention is intended to solve the
problems as referred to above, and has for its object to
provide a control apparatus for an elevator, and in par-
ticular, a dynamic brake system, which is capable of
suppressing the acceleration of a car at the time of res-
cue operation irrespective of the number of passengers
in the car so as to enable the car to be moved to the
nearest floor at a fixed or constant speed.

DISCLOSURE OF THE INVENTION

[0016] The presentinvention reside in a control appa-
ratus for an elevator in which a permanent magnet syn-
chronous motor using a permanent magnet as a field
magnet is provided as a winch, with respective phase
terminals of the permanent magnet synchronous motor
being short circuited to form a dynamic brake circuit,
characterized by including: capacitors for short
circuiting the respective phase terminals of the perma-
nent magnet synchronous motor when the dynamic
brake circuit is formed; and a switching device for
switching the respective phase terminals of the perma-
nent magnet synchronous motor from a drive circuit to
the capacitors to provide connections therebetween.
[0017] In addition, the present invention is character-
ized by further including a circuit for switching the ca-
pacitors between a star connection and a delta connec-
tion so as to short circuit the respective phase terminals
of the permanent magnet synchronous motor, wherein
the capacitance of the dynamic brake circuit is made
variable.

[0018] Moreover, the present invention is character-
ized in that the capacitors for short circuiting the respec-
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tive phase terminals of the permanent magnet synchro-
nous motor comprise a plurality of capacitors each with
a switch connected in parallel, the plurality of capacitors
being connected in series, or in parallel, or in series and
parallel, with respect to one another, so that the capac-
itance of the dynamic brake circuit is made variable by
opening or closing each of the switches.

[0019] Further, the present invention is characterized
in that a reactor is provided for each phase of the per-
manent magnet synchronous motor at a location be-
tween each of the capacitors and each phase of the mo-
tor.

[0020] Furthermore, the present invention is charac-
terized in that each of the reactors includes a one with
a tap changer having a plurality of taps, and the induct-
ance of the dynamic brake circuit is made variable.
[0021] Still further, the present invention is character-
ized by including: a rescue operation execution deter-
mining section for determining, based on a command
from an elevator control panel, whether rescue opera-
tion is to be executed; a brake condition extracting sec-
tion for extracting a braking condition of the elevator
from the elevator control panel; and a short circuit se-
lecting section for changing, upon receipt of a rescue
operation executing command from the rescue opera-
tion execution determining section, the capacitance or
inductance of the dynamic brake circuit by driving either
one of a changing circuit for the star connection and the
delta connection, switches of the capacitors and tap
changers of the reactors based on the braking condition
of the elevator extracted by the brake condition extract-
ing section.

[0022] According to the present invention, in the res-
cue operation under failure of an elevator that is driven
by a winch using a permanent magnet motor, it is pos-
sible to reduce the combined or synthesized impedance
of the inductance and the capacitors at a specific rota-
tional speed of the motor by inserting capacitors in the
dynamic brake circuit of the motor in series with the
phase windings, respectively. As a result, a difference
in phase between an electric current flowing through the
dynamic brake circuit and a voltage induced in the motor
can be reduced, whereby braking torque can be in-
creased at the specific rotational speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1is a constructional view of a control apparatus
for an elevator according to a first embodiment of
the present invention;

Fig. 2 is an equivalent circuit diagram of a dynamic
brake circuit according to the present invention;
Fig. 3 is a view showing the dynamic brake charac-
teristic of the dynamic brake circuit according to the
present invention;

Fig. 4 is a constructional view showing a modified
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form of the control apparatus for an elevator accord-
ing to the present invention;

Fig. 5 is a view showing another example of an ex-
ternal impedance circuit of the dynamic brake circuit
according to the present invention;

Fig. 6 is a view showing one example of a changing
circuit for changing between a star connection and
a delta connection of the external impedance circuit
of the dynamic brake circuit according to the
present invention;

Fig. 7 is a view showing another example of the ex-
ternal impedance circuit of the dynamic brake circuit
according to the present invention;

Fig. 8 is a view showing a further example of the
external impedance circuit of the dynamic brake cir-
cuit according to the present invention;

Fig. 9 is a view showing a still further example of
the external impedance circuit of the dynamic brake
circuit according to the present invention;

Fig. 10 is a view explaining a change in braking
torque according to the change of C of the external
impedance of the dynamic brake circuit according
to the present invention and L;

Fig. 11 is a view showing one example of the con-
figuration of a portion, particularly related to control-
ling rescue operation, of a control systemin the con-
trol apparatus for an elevator according to the
present invention;

Fig. 12 is a constructional view of a control appara-
tus for an elevator including such a kind of known
dynamic brake circuit;

Fig. 13 is an equivalent circuit diagram of the known
dynamic brake circuit; and

Fig. 14 is a view showing the dynamic brake char-
acteristic of the dynamic brake circuit of Fig. 13.

BEST MODE FOR CARRYING OUT THE INVENTION

[0024] Fig. 1 is a constructional view of a control ap-
paratus for an elevator according to one embodiment of
the present invention, in which a winch using a perma-
nent magnet motor is provided and a dynamic brake cir-
cuit is employed. The same or corresponding parts as
those in the known one are identified by the same sym-
bols. In this figure, 1 designates a permanent magnet
synchronous motor that acts as a winch, 2 a brake, 3 a
sheave, 4 a rope wrapped around the sheave 3, 5 a car
connected with one end of the rope 4, and 6 a counter
weight that is connected with the other end of the rope
4 for compensating for half the weight of the car 5 and
a movable load.

[0025] In addition, 7 designates a three-phase AC
power supply, 8 an electromagnetic contactor, 9 an in-
verter that supplies electric power of a variable voltage
and a variable frequency (VVVF) to the motor 1, 10 a
switching device for braking switching, 11 an external
impedance circuit for dynamic braking comprising ca-
pacitors 13, and 12 reactors.



7 EP 1 520 829 A1 8

[0026] InFig. 1, the capacitors 13 are provided as the
external impedance circuit 11 for dynamic braking.
Moreover, in order to suppress the surge voltage of the
inverter 9, the reactor 12 may be inserted in each phase
between the inverter 9 and the motor 1.

[0027] Further, Fig. 4 is a configuration example when
the reactors 12 are not provided, but in which reactors
14 are added in such a manner as to be connected, as
an external impedance circuit 11, in series with the ca-
pacitors 13, respectively.

[0028] These configurations are such that an external
resistance in the known configuration is replaced by a
capacitor or a series circuit of a capacitor and a reactor,
and by switching the brake switching device 10 to side
b at the time of rescue operation, the terminals of the
motor 1 or the motor circuit are short circuited through
the capacitors 13 and the reactors 12 or 14, as shown
in Fig. 2

[0029] The dynamic brake characteristic in this case
is shown in Fig. 3. The shorted circuit is a series circuit
of an internal impedance (Rm, Lm) of the motor 1 and
the external capacitors CL(13) and the reactors LL (12
or 14). The brake torque has a characteristic in which it
takes a maximum value at a rotational speed of the mo-
tor at which the resonance frequency f of the shorted
circuit becomes a value expressed by f = 1/{2nV(LC)},
where L (inductance) = LL + Lm, and C (capacitance) =
CL.

[0030] In addition, the maximum brake torque value
can be made a value by far greater than the rated torque
of the motor by properly selecting CL and LL. Further,
since the brake torque has a characteristic that it in-
creases suddenly from a certain rotational speed of the
motor, if the unbalanced torque changes to values such
as 1a, tb and tc, the rotational speed is substantially the
same such as Na, Nb and Nc. Accordingly, a stable in-
tersection between the dynamic brake torque and the
unbalanced torque can be obtained irrespective of the
number of passengers, thus making it easy to perform
the operation of moving the car to the nearest floor at a
constant speed in a safe manner.

[0031] Here, note that even in case where the reac-
tors 12 are not provided, or where the reactors 14 are
not provided in the external impedance circuit 11, there
can be obtained an effect of improved characteristic due
to the winding inductance Lm of the motor 1 and the ca-
pacitor CL of the external impedance. An advantageous
effect provided by the insertion of the external reactor
into the shorted circuit is that if the inductance LL is set
to a value sufficiently larger than the winding inductance
Lm of the motor, motors of different designs can be ac-
commodated by a single kind of external impedance cir-
cuit.

[0032] Fig. 5 shows another example of the external
impedance circuit 11. In Fig. 5, by switching the capac-
itor connection from a star connection into a delta con-
nection in accordance with the winding inductance Lm
of the motor 1, the value of the capacitance C of the
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capacitor can be changed to ensure a desired brake
torque characteristic even without the reactor LL,
whereby the cost can be reduced to the extent that the
reactor is not needed. One example of a circuit for
switching the capacitor connection between the star
connection and the delta connections is shown in Fig.
6. In Fig. 6, five switches SW1 - SW5 are used, and they
are switched to side S for the star connection, and to
side D for the delta connection.

[0033] Similarly, Fig. 7 shows that a plurality of capac-
itors 13 are arranged in series with one another in such
a manner that the capacitance C is switched over by
means of a plurality of switches SW. In addition, capac-
itors 13 with switches SW arranged in a manner as
shown in Fig. 8 may be arranged in combination in par-
allel or series with one another.

[0034] Further, Fig. 9 shows a plurality of reactors 14a
each with intermediate taps are arranged in such a man-
ner that the inductance L can be changed to ensure a
desired brake torque characteristic by switching the taps
by means of tap changers T in accordance with the
winding inductance Lm of the motor 1.

[0035] Thus, if the external capacitor CL or the reactor
LL is provided with a plurality of intermediate taps in this
manner, motors of different designs can be accommo-
dated by a single kind of external impedance circuit.
[0036] Moreover, since the rotational speed that pro-
vides the maximum torque is decided by the product of
L and C, the brake torque can be changed to values
such as S1, S2 in Fig. 10 by switching L or C as stated
above, so that the terminal speed of the car during res-
cue operation can be changed according to the situa-
tion.

[0037] Ingeneral, the capacitance of the capacitor re-
quired to obtain a car speed suitable for rescue opera-
tion becomes considerably large with respect to the mo-
tor inductance, but in recent years, a compact capacitor
of a large capacitance such as an electric double layer
capacitor is coming into practical use, and utility thereof
for a portable rescue apparatus is expected.

[0038] Fig. 11 is a view showing one example of the
configuration of a portion, particularly related to control-
ling rescue operation, of a control system in the control
apparatus for an elevator according to the present in-
vention, in which control parts such as an electromag-
netic contactor 8, an inverters 9, and the like are omitted.
The switches and taps (see Fig. 5 - Fig. 9) of the external
impedance are switched to change the terminal velocity
of the car during the rescue operation according to the
situation.

[0039] In Fig. 11, 100 designates an elevator control
panel that generally controls the operation of the eleva-
tor, and 103 a rescue operation execution determining
section that determines whether to execute a rescue op-
eration and generates a command. For example, when
a motor drive apparatus fails, disabling the normal op-
eration of the elevator, the rescue operation execution
determining section receives a command from the ele-
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vator control panel 100 to activate the control circuit, so
that a short circuiting condition of the brake circuit is se-
lected to form a shorted circuit, thereby releasing the
brake to execute rescue operation. In addition, after the
brake is released to permit the car to start moving, a
command for changing the moving or traveling speed of
the car is given to a short circuit selecting section 111 to
be described later, so that the construction of a shorted
circuit or external impedance circuit 11 is changed,
thereby adjusting the moving speed of the car to a pre-
scribed value.

[0040] 10 designates a brake switching device 10
shown in Fig. 1, Fig. 4, etc., that comprises a contactor
for isolating the motor 1 in a motor main circuit from a
drive circuit including the inverter 9, etc., to switch the
connection of the motor to the shorted circuit. 107 des-
ignates a dynamic brake forming circuit that receives a
command from the rescue operation execution deter-
mining section 103 to drive the prescribed brake switch-
ing device 10, thereby forming a circuit that can carry
out dynamic braking.

[0041] 109 designates a brake releasing circuit that
releases the brake 2 by a brake release command from
the control panel 100. At the time of rescue operation,
by releasing the brake 2 based on the command from
the rescue operation execution determining section 103
after the formation of the dynamic brake circuit, the car
5 begins to move while being braked under the action
of an unbalanced load between the car and the weight
6, so that it moves to a rescue floor by going up or down
substantially at a prescribed speed.

[0042] 105 designates a brake condition extracting
section that the internal resistances or inductances of
motors vary one from another during rescue operation,
as a result of which the moving speeds of cars employ-
ing such motors also vary one from another. In addition,
it is necessary to change the moving speed of a car ac-
cording to the rated speed of the related elevator, and
to change the rescue operation speed of the car due to
various problems peculiar to elevators. Accordingly,
necessary data (the kind and form of a motor, the rated
speed of an elevator, the rescue operation speed, spec-
ification data, etc.) are extracted and obtained based on
the condition set in the control panel 100.

[0043] 111 designates a short circuit selecting section
that selects the condition of a shorted circuit (that is,
whether the circuit of a capacitor to be short circuited is
a star connection or a delta connection, whether the
switch SW of each capacitor is short circuited, whether
the intermediate taps of each reactor are short circuited,
etc.) based on the data extracted by the brake condition
extracting section 105, thereby forming required short
circuits. Moreover, the configuration of the shorted cir-
cuits are changed according to a command from the res-
cue operation execution determining section 103.
[0044] 113 designates a switch/tap changing circuit
that drives the switches SW and tap changers T in re-
sponse to a command of the short circuit selecting sec-
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tion 111.
[0045] Now, one example of the operation of selecting
an optimal dynamic brake will be described below.

1) A dynamic brake circuit suitable for the relevant
elevator system is selected in advance based on a
variety of kinds of control data by means of the
brake condition extracting section 105.

2) When rescue operation is needed, the rescue op-
eration execution determining section 103 operates
the brake switching device 10 to switch the motor
main circuit to the brake circuit, i.e., the dynamic
brake circuit by means of the dynamic brake form-
ing circuit 107. At that time, the switch/tap changing
circuit 113 is driven by the short circuit selecting
section 111 so as to form the brake circuit selected
in 1) above, whereby necessary switches SW or tap
changers T are opened or closed or driven to form
a brake circuit suitable for the elevator system.

3) When the brake circuit is formed, a release com-
mand is given to the brake releasing circuit 109 to
drive the brake 2, so that the brake 2 is thereby
opened, permitting the car 5 to be accelerated un-
der gravity by the unbalance in weight between the
car 5 and the counter weight 6, as a result of which
the car is accelerated up to a speed at which the
braking force due to dynamic braking becomes
equal to the car acceleration under gravity, and
thereafter the car is moving substantially at a con-
stant speed.

4) When the car 5 comes to a prescribed stop po-
sition, the rescue operation execution determining
section 103 generates a command to the brake re-
leasing circuit 109 to operate the brake 2, so that
the car 5 is stopped at the prescribed stop position
by the braking force of the brake 2.

Next, reference will be made to one example of
the operation of changing the speed of the car while
the car is moving for rescue operation, and in this
case, 1) - 3) are the same as those stated above.
5) When the car 5 moves to a position spaced apart
a predetermined distance from a prescribed stop
position, the rescue operation execution determin-
ing section 103 generates an arrival floor command
to the short circuit selecting section 111 so that the
short circuit selecting section 111 changes, upon re-
ceipt of the arrival floor command, the brake torque
shown in Fig. 10 for example from present S2 to S1.
This is achieved by changing the circuit configura-
tion of the shorted circuit. The stop position or the
position the prescribed distance before that stop po-
sition can be recognized with the control panel 100
according to a well-known method.

6) When the brake torque becomes higher with re-
spect to the same rotational speed as in this exam-
ple, the unbalanced load or the unbalanced torque
remains unchanged so that the moving speed of the
car 5 is reduced to become balanced with the brake
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torque. This means that the moving speed of the
car 5 is reduced immediately before the stop posi-
tion.

7) Thereafter, when the car 5 comes to the pre-
scribed stop position, the rescue operation execu-
tion determining section 103 generates a command
to the brake releasing circuit 109 so as to operate
the brake 2, whereby the car 5 is stopped at the pre-
scribed stop position by the braking force of the
brake 2. This means, at this time, that the moving
speed of the car is reduced immediately before the
stoppage of the car. Thus, the arrival floor accuracy
of the car upon stoppage thereof at the prescribed
position can be improved by stopping the car 5 at
low speed.

INDUSTRIAL APPLICABILITY

[0046] As described above, according to the present
invention, there is provided a control apparatus for an
elevatorin which a permanent magnet synchronous mo-
tor using a permanent magnet as a field magnet is pro-
vided as a winch, with respective phase terminals of the
permanent magnet synchronous motor being short
circuited to form a dynamic brake circuit, characterized
by including: capacitors for short circuiting the respec-
tive phase terminals of the permanent magnet synchro-
nous motor when the dynamic brake circuit is formed;
and a switching device for switching the respective
phase terminals of the permanent magnet synchronous
motor from a drive circuit to the capacitors to provide
connections therebetween. With the above arrange-
ment, the combined impedance of the inductance in the
permanent magnet synchronous motor and the capac-
itors can be reduced at a specific rotational speed of the
motor, so that a difference in phase between an electric
current flowing through the dynamic brake circuit and a
voltage induced can be reduced. As a result, braking
torque can be increased at the specific rotational speed
of the motor, whereby rescue operation after an emer-
gency stop of the car can be carried out substantially at
a constant speed irrespective of a car load for example.
[0047] Preferably, provision is made for a circuit for
switching the capacitors between a star connection and
a delta connection so as to short circuit the respective
phase terminals of the permanent magnet synchronous
motor, wherein the capacitance of the dynamic brake
circuit is made variable. Thus, the range of the rotational
speed of the motor in which the brake torque is made
large can be changed.

[0048] Preferably, the capacitors for short circuiting
the respective phase terminals of the permanent mag-
net synchronous motor comprise a plurality of capaci-
tors each with a switch connected in parallel, the plural-
ity of capacitors being connected in series, or in parallel,
or in series and parallel, with respect to one another, so
that the capacitance of the dynamic brake circuit is
made variable by opening or closing each of the switch-
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es. Thus, the range of the rotational speed of the motor
in which the brake torque is made large can be changed.
[0049] Preferably, a reactor is provided for each
phase of the permanent magnet synchronous motor at
a location between each of the capacitors and each
phase of the motor. Thus, the combined impedance of
the inductances of the motor and the reactors as well as
the capacitors can be reduced at a specific rotational
speed, so that a difference in phase between an electric
current flowing through the dynamic brake circuit and a
voltage induced can be reduced. As a result, braking
torque can be increased at a specific rotational speed
of the motor, whereby rescue operation after an emer-
gency stop of the car can be carried out substantially at
a constant speed irrespective of a car load for example.
[0050] Preferably, each of the reactors includes a one
with a tap changer having a plurality of taps, and the
inductance of the dynamic brake circuit is made varia-
ble. Thus, the range of the rotational speed of the motor
in which the brake torque is made large can be changed.
[0051] Preferably, the present invention includes: a
rescue operation execution determining section for de-
termining, based on a command from an elevator con-
trol panel, whether rescue operation is to be executed;
a brake condition extracting section for extracting a
braking condition of the elevator from the elevator con-
trol panel; and a short circuit selecting section for chang-
ing, upon receipt of a rescue operation executing com-
mand from the rescue operation execution determining
section, the capacitance or inductance of the dynamic
brake circuit by driving either one of a changing circuit
for the star connection and the delta connection, switch-
es of the capacitors and tap changers of the reactors
based on the braking condition of the elevator extracted
by the brake condition extracting section. Accordingly,
by properly changing the range of the rotational speed
of the motor in which the brake torque is made large, for
example, at the time of rescue operation after an emer-
gency stop of the car, the terminal speed of the car can
be changed in accordance with the situation.

Claims

1. A control apparatus for an elevator in which a per-
manent magnet synchronous motor using a perma-
nent magnet as a field magnet is provided as a
winch, with respective phase terminals of said per-
manent magnet synchronous motor being short
circuited to form a dynamic brake circuit, charac-
terized by comprising:

capacitors for short circuiting the respective
phase terminals of said permanent magnet
synchronous motor when said dynamic brake
circuit is formed; and

a switching device for switching the respective
phase terminals of said permanent magnet
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synchronous motor from a drive circuit to said
capacitors to provide connections therebe-
tween.

The control apparatus for an elevator according to
claim 1, characterized by further comprising a cir-
cuit for switching said capacitors between a star
connection and a delta connection so as to short
circuit the respective phase terminals of said per-
manent magnet synchronous motor, wherein the
capacitance of said dynamic brake circuit is made
variable.

The control apparatus for an elevator according to
claim 1, characterized in that said capacitors for
short circuiting the respective phase terminals of
said permanent magnet synchronous motor com-
prise a plurality of capacitors each with a switch
connected in parallel, said plurality of capacitors be-
ing connected in series, or in parallel, or in series
and parallel, with respect to one another, so that the
capacitance of said dynamic brake circuit is made
variable by opening or closing each of said switch-
es.

The control apparatus for an elevator according to
claim 1, characterized by further comprising a re-
actor provided for each phase of said permanent
magnet synchronous motor at a location between
each of said capacitors and said motor.

The control apparatus for an elevator according to
claim 4, characterized in that each of said reactors
comprises a one with a tap changer having a plu-
rality of taps, and the inductance of said dynamic
brake circuit is made variable.

The control apparatus for an elevator according to
any one of claims 2 through 5, characterized by
comprising:

a rescue operation execution determining sec-
tion for determining, based on a command from
an elevator control panel, whether rescue op-
eration is to be executed,;

a brake condition extracting section for extract-
ing a braking condition of said elevator from
said elevator control panel; and

a short circuit selecting section for changing,
upon receipt of a rescue operation executing
command from said rescue operation execu-
tion determining section, the capacitance or in-
ductance of said dynamic brake circuit by driv-
ing either one of a changing circuit for said star
connection and said delta connection, switches
of said capacitors and tap changers of said re-
actors based on the braking condition of said
elevator extracted by said brake condition ex-
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tracting section.
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